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Antigenic epitopes associated with the extracellular segment of the domain which anchors immunoglobulins to the B cell 
membrane are disclosed. For IgE, the epitopes axe present on IgE-bearing B cells but not basophils or the secreted, soluble form 
of IgE. The epitope can be exploited for therapy and diagnosis. For example, intibodies or inununotoxins specific for the ep- 
itopes associated with the anchor domain of IgE can be used to selectiyeley destroy or down-regulate IgE-bearing lymphocytes, 
thus blocking IgE-mediated allergic reactions. Three different isoformes of the C-tenninat segment of the human e chain result- 
ing from alternative mRNA splicings in the membrane exon region are disclosed, one of which is secreted and not membrane- 
bound. ; 1 ; 
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5 EXTRACELLULAR SEGMENTS OF HUMAN c IMMUNOGLOBULIN 
ANCHORING Pt^TTD^ ANO ANTIBODIES SPECIFIC 
THEfiEFOR ; 

Background of the Invention 

The immediate-ty^hyj^^ 

10 fever, and allergic responses ^ to .certain foods or drugs, are mediated 
primarily by one isotype of the imnmiloglobul^ IgE. In an IgE- 
mediated allergic rfsponse/the allergen binds to the IgE which is bound to 
receptors on the surface of mast Cells and basophilic leukocytes (basophils). 
The binding of the allergen cti^es tfosslinking of the surface IgE molecules . 

15 and hence the underlying' refceptors for the Fc portion of IgE (FccR), 
thereby triggering the release of pharmacologic mediators such as histamine, 
the slow-reacting substance of anaphylaxis (SRA), and serotonin. The 
release of these mast cell a&I basophil products causes the pathological 
reactions and symptoms of allergy. 

20 IgE is secreted by a particular class of B cells, which also express IgE 

on their surface. In individual sensitized to specific allergens, the allergen- 
specific IgE is con&raousjy prbduceVty these B cells. Nevertheless, 
individuals who nave rio'seCTetfdlgE In their systems (and no IgE producing 
B cells) appear to live nonnaBy, indicating that IgE is not essential in the 

25 immune response. IgE ^ m^^wever; b<j useful in fighting infection by 

■ . -a- ,.. - . - " 

parasites. - 
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If seems, therefore, that reducing secreted IgE by suppressing or 
depleting IgE producing B ceils would be a viable, merapy for allergy. 
Monoclonal antibodies (and derivative and related products) which bind 
specifically to the IgE producing B cells could be used in such a suppression 

5 or elimination process. The immune system's regulatory, cytolytic or 
cytotoxic mechanisms can be used to suppress or destroy cells which are 
bound by monoclonal antibodies, or by the derivative or related products. 

IgE binds to the FceR receptors on the surface of basophils and mast 
cells very strongly, with an association constant, Ka, of about 1 x 10 10 

10 liter/mole. Even though IgE is not synthesized by basophils and mast cells, 
the very strong and stable association of IgE with FceR means that IgE is 
virtually always present and exposed on the surface of these cells. Thus, an 
irnmunotherapeutic agent targeting the IgE on B cells must not react with 
the IgE on basophils and mast cells, in order to avoid coss-linldng this IgE 

15 and the underlying FceR and thereby triggering an allergic reaction. 

Summary of the Invention 

Immunoglobulins consist of two peptide chains, a heavy chain and a 
light chain. In IgE, the heavy chain is designated as the e chain. Membrane 
anchoring peptides extend from the C terminm of me heavy chains of the 
20 imnmnoglobulins and affix the associated inntnmoglobulin to the cell 
membrane surface. These membrane anchoring peptides can be divided into 
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three segments in terms of locations in relation to the plasma membrane. 
The middle segments have 25 hydrophobic and uncharged amino add 
residues, suggesting that they are in the membrane lipid bilayer. The 
C-tenninal hydrophilic segment have 3-28 amino add residues, suggesting 
5 that they are intracellular. The segments toward the N-tennini contain 
about 13 to 67 amino acid residues, and are highly addic and hydrophilic, 
suggesting that they are on the extracellular surface of the plasma 
membrane. -.'»■ 

The extracellular segments, of these peptides are unique for different 
10 isotypes. Therefore, the extracellular segment of the. e chain membrane 
anchoring peptide forms, in whole or in part, an epitope unique to the B 
cells which produce IgE. However, this membrane-bound immunoglobulin 
isotype specific <>i#s") extracellular epitope is not present on secreted, 
soluble IgE (or on IgE bound to the FceR) because only the IgE which is 
15 bound to the surface of B cells contains the membrane anchoring peptide as 
part of its heavy chain. The antibodies and other immunotherapeutic 
agents of the invention bind to the migis epitopes on the surface of IgE- 
bearing B cells. These B cells can then be eliminated or controlled by a 
number of immune mechanisms. These antibodies and other 
20 immunotherapeutic agents can be used in jnJOXQ or extracorporeal allergy 
therapy, and in diagnosis, as described further below. 

One advantage in therapy of these antibodies and related 
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i^nunotherapeutic agents over those that bind epitopes common to IgE in 
both bound and. secreted form,* that the latter will form.an immune 
' c^plexofari^^^^ 

kidney or other physiological functions. 
5 It has been discc^redfcat^ 

there are at least three different nucleotide sequences *bich encode for 
peptides in the membrane anchoring region of human e chain. Thededuced 
^oaddsequencesen^^ 

different, indicating that there are three different isoforms of the human e 
!0 chain membrane metering peptide. 

Tne deduced amino add sequence of isofonn I shows that it has 67 
amino acid residues, and a 15 amino acid peptide segment toward the N- 
terminus. «s 15 amino acid segment is proposed to be extracellular and 
tt£om ,en«ir d yor i n-par 1 ,U 1 e m(i rep«ope. Tsoformfl has lioamino acid 

U tesi du«s. 67 of wWcb are towards to Nte^ 
■ ^ nto segmentlsoformin,ha^g45amh M addres i dues.iss=cre tt d 

and does not have . membrane-bound extracellular sepnent. 
Brief Description of the Drawings 

Fig. 1 shows three different toRNA splicing* which create three 

m dHD. •••md^.^codonmlteTeadingframe. Thesbortsobd. 
black segment at the end of the domain represents the CHenninus of 
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. ^^rtinn nresmnably exposed 10 

f acedsegmentisthe P omonpr«^a ^ the 

peptide of hum^ « *»»• ^* 0W 

anchoring region ot ta^ < ™ 

— I** tKaeteaan on«mbrane. 

R g.4 S no«s«h«bmd.ngofHEM7 alsAs , astag 

nuaotitcrplatescoated^thpoiy >w ^. 
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Fig. 5C shows binding of HEM7 to IgE-secreting cells as determined 
" by fluorescence flow cytometry. l^SB^lA^cfTBS.^^; 
to secreted IgE (positive control), with binding at equivalent concentrations 
(10 Mg/ml) to SKO-007 cells. Fig. 5A is control without antibody added. 
5 Rg. 6A shows the concentratio^ependent binding of HEM7 to IgB- 

secreting SKO-007 cells at various concentrations. 

Fig. 6B shows the specific inhibition of HEM7 binding to SKO-007 
cells bymfcfc-e peptide. • HEM7 and migs-e peptide; <^ HEM7 and mips- 
Y peptide; ^ TES-19 and mips-* peptide. Values shown represent the 
10 means of three separate determinations. 

Fi g. 7 Western immunoblotting analysis of membrane-bound IgE 
with HEM7. The relative migration of the M.W. markers is shown on the 
left, and the positions of membrane bound c and secreted e on the right 
& serum IgE probed by polyclonal anti-,; L serum IgE probed by HEM7; 
!5 ^ plasma membranes of SKO007 cells probed by polyclonal anti-e; d, 
plasma membranes of SKO-007 cells probed by HEM7; * plasma 
membranes of SKO007 cells probed by HEM7 in the presence of rn^-c 

peptide at 100 fig/mL 

DcUlled DescripUon of tt« Prefemd E-bodim.-.s and T^elr Ma»n« M 4 
20 Process of Making and Using 

Membrane-fcmnd immunoglobulins on B cells differ from the 
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secretory, soluble immunoglobulins synthesized by the same B cells in that 
the former have an extra peptidic piece that anchors them onto the B cell 
surface. The membrane-bou^tf immunoglobulins on B cells from different 
species, for which amino acid sequences halve been determined, have extra 

5 isotype-specific regions that anchor the immunoglobulins to the membrane. 
These peptidic regions have lengths ranging from 41 to 130 amino adds and 
can be divided into three segments. There, is a middle segment of 25 
hydrophobic and uncharged ajpino acids, which is believed to be located in 
the cytoplasmic membrane Inhiyer. There is a C-tenninal hydrophilic 

10 segment of 3-28 amino add indues, whkh is believed to be located on the , 
cytoplasmic side of the mgmbrane. There is a segment toward the 
N-tenninus of about 13 to 67 amino add residues, which is highly addic and 
hydrophilic and proposed to lie on the extracellular surface of the plasma 
membrane. 

15 The length and the hydrophilic and highly charged nature of the 

extracellular segment indicate that this segment is exposed and accessible to 

antibodies. The antigenic elopes located on the extracellular segment of 

• ~ ^ • 

the membrane-bound region $f immunoglobulin heavy chains are 

-- 

designated herein as the mips epitopes. The migb epitopes allow for 
20 developing several types of monodonal or polydonal antibody-based 
therapies and diagnoses for ^mediated allergic diseases. 
2. Hym^^ft A i ^ ri "g ? g p tides of B Tterobranc-bottnd 

I^nnoglobulins 
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Hie amino acid sequences of ten membrane-bound immunoglobulins 
from several species have been previously determined. See Ishida, N. et aL, 
EMBO J, 1:1117 (1982); Steen, M. L et aL, J. MoL BioL, 177:19r32 (1984); 
Rogers, J. et aL, CelL 26:19-27 (1981); Yamawaki-Kataoka, Y. et al, Proc 

5 NatL Acad. ScL, MSA, 79^008-2012 (1982); Kamaromy, M. et aL, Nuc 
Adds Res, 1L6775-6785 (1983); Rogers, J. et aL, Cell, 20-.303-312 (1980); 
Bernstein, K.E.I. ImmunoL 132:490-495 (1984); Cheng, H. et aL, Nature, 
296:410-415 (1982). These sequences indicate certain common features of 
the membrane anchoring petides. As shown in Table 1, and as discussed 

10 above, the membrane anchoring peptide has three segments which are 
distinguishable based upon their locations in relation to the plasma 
membrane. 



Table 1. Key features and properties of membrane anchoring peptides. 

Number of Amino Acid Residues 

15 • — : ■ ~ 

Immunoglobulin 1. 2. *• *• 

Class/Subclass 

Mouse IgE2 1? 25 28 72 

Rat IgE 19 25 28 72 

20 Mouse IgG, 18 25 • 28 71 

Mouse IgcJ, 18 25 28 71 

House lga£ 18 25 28 71 

Mouse XgGf 18 25 28 71 

Mouse IgM 13 25 3 41 

25 Human IgM 13 .25 3 41 
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15 



Human l9 D 
Mouse IgD 



i^ran. ~*g^$&^4*#*~i M acid «.idu.s 



. ' have 13 amino ad<J residues (mouse and 
shortest migis peptides have 13 «F 

^ SeeTableLThe^peP«oe^ 
human 11 chains). See laoxc ^ , 

nuuu ^ - . . -j -^cidues almost entirely 

• T„w e 2. The proportions of chargeo amm 
ac^residues.asshowninTab^ Th ppo ^ 

,0 xes.uesandpoU.h^^ ^ 

to ^ 3> . Atobe 

J >ntides are exposed and long enough to be 
proposed that all the «V pep*** ^ 

accessible by antibodies. 



25 



30 



35 



Jjb]e_2i 

Mouse I9E 
Rat igE 
Mouse ig^i 
Mouse lgG2« 
Mouse igGjb 
Mouse igGj 
Mouse igM 
Human igM 
Human igD 
Mouse igD 
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rf«nn of chareed amino add residues and polar, 



Proportion of 
Acidic Basic Polar hydropWic hydrapbflic 
residues residues residues residues 



residues 



"# Amino add residues 



10 



15 



20 



Mouse IgB 
RatlgBl 
Mouse IgG! 
Mouse IgGj, 
Mouse IgGa, 
Mouse IgG 3 
Mouse IgM 
Human IgM 
Human IgD 
Mouse IgD 



10 
10 
6 
7 
7 
6 
6 
6 
6 
7 



0 
0 
0 
0 

1 

0 
0 
0 

1 

as 



2 

2 

4 

2 

1 

4 

2 

1 

8 

9 



12 
12 
10 

9 

9 

10 

8 

7 

15 

16.5 



63 

63 

56 

50 

50 

56 

61 

54 

56 

63 



Acidic residues: E (p3> „ ^ y ^ ^ partially charged. 



25 peptides. ^ 

3„ m „ y^**™*-***-"*""*™ 
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^L ft or Plasmids as cloning vectors. A 
library by employing Jadto P^? or plasnu the cDNA 

. >.nNA: library is with the clwa 
. • . preferred method for construct** the cDNA Ubrary _ 

• ^Et^r^ldevelopedandcon^eraal^ed 
UbraryConstiucUonSystemKit'Ubranau 

_. qa\ ^stepwise detailed instruction -manual is 
by Invitrogen (San Diego, CA). A step 

-^orRNAisolation^^ 
5 P-ded for RNAxso to purify 

synthwis.UnkerUgatior^agaroscgelsmogofc _ 

In the scree & ^ 

- u«ed As shown ui Fig. ^ 

15 advantage u r _ _ The truncation occurs 



M contain CH4 domains. From Uk pun 

wq »ence of human £ .CH4dp,r*u, • OTi-Hl 

taOT c^nOT,nb P yof^«na ta ^^ I ' TO ^ 
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U no. int-4on ano iess ifcei, . *« * * *« " 

«ith the — — ot - . - — — 

5 bound form of e chain gene. 

* v " r fflta. SB) was based on the finding that the 
The design of probe C (Fig- J»J 

transmembrane segment of the membrane anchoring peptides is very 
^^ong.HU.e^unogiobniingenesso^seo^ 

. segment - W - ^ ^ *" 

.3 _ in T,«e 4. .be consent PNA se^ence ^ *e eight 
combinations was used as probe C 
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Table 4. A conserved region in the transmembrane peptide segment f the 
membrane anchoring peptides. 

' ■■ *1% 2"-.- 3 4 5 - 

Leu* Phe-Leu- Leu* Sex* 

c Mouse IaE CTG-TTC-.CTG-CTC-AG 

MouseloG, CTC- TTC- CTG- CTC- AG 

Mouse Iog! - CTC- TTC- CTG- CTC- AG 

So^se iSS CTC- TTC- CTG' CTC- AG 

Mouse llcf CTTC- TTA- CTG-CTC-AG 

10 Souse XqM ^CTC• TTC•3qTC•CTG•AG 

S^niS • ; CTG-TTC* CTG- CTG- AG 

HuSanlgS* CTC-TTa-ATC-CTC-AC 

Souse IgD* CTC- TTC- CTG- CTC- AC 



15 consensus 
sequence 



30 



CT -TTC-CT - CT -AG 
C C C 

G G G 



(Probe C) 

•Human and mouse IgD's'haVft^bx (ACX) to die 50, ^ 
human IgD also has He CATC) m the 3rd amino acid residue. These are 
20 the variation notched by tfe^ 

Probe D which represents a Segment upjtream of the most probable 

splicing donor site, GT, consists of 36 bp. /Dns probe should react with « 

chain gene of both the secreted and membrane-bound forms. 

25 Table 5 summarizes the pattern of reactivities of clones containing e 

genes of secreted or membrane-bound fonnswKh the four probes. 

Table 5. The reactivity of « gene^containing cDNA clones with probes A, B, 
C, and D. 

f secreted t Mfm)rniP' , - hnund 



Probe A + + 

Probe B + , .;.* 

Probe C - + 

Probe D . + .. + 
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The library size needed to done the menibranfrbouiid e chain depends 
., .. o. how abundant to nu^fc. Assume 

the SK04O7 poly A* RNA, the Hbnuy so* should be shout 5,000 
independent recombinant dones to have . 99* probability to isolate a 
5 prf.rve.k™. Inla^^n-tan^ 

2% of tot of the secret* form. Assuming this ratio of 
n.embrane-bc^/secre.ed forms of « chain holds true for the human 
IgE-produdng SKO-007 cells, the cDNA library size needed to Isolate the 
10 n.embraneWe chain is atautmOW. In a preferred procedure, a 
larger number of dones (about 1,000,000) are screened. 

An alternative to the conventional approach of establishing a cDNA 
horary and screening the dones representing to cellular mRNA species is 
to amplify to mRNA to produce high proportions of their corresponding 
U DNA The resulting DNA can thenbe purined b, gd electrophoresis and 
then subjected to sequence analysis. The methodology, referred to as 
j^jj^^^ .axaia. ««tfo» OPCR) aaoapimo^loo. fc« «-bIi3*^ iaa tbo 
pastfewyearsandcompletesystenutodud^^^ 
Uen conunerdattzed. On. preferred sys.cn, is provided by PcrBn Elmer 
20 Cetos (No™* CD, and indudes to GeneAmp DNA AmpHficanon 

Reagent Kit and the DNA Thermal Cycler. 

Someoftosp^r«ager««sedmtiis^«baretosam.asused 



PCTAJS91/00491 

WO 91/11456 * 

•••v; 15 

„ B Tie purified DNA's aw then subjected to DNA sequencing. ^ 

r . .«ri.M Drocedure than cDNA 

^ aEaling «nd.a.»s demean «»pwe 
15 out some preliminary ann«uu»g s 

^^^^ 

Viiast cells provided by Stratagene (La Joua, 
20 using human luiig fibroblast 

• ..mbdave** and the inserted DNAs have average 
r/Ci The genes are in lambda vector an 

* ^rfnnesoui be achieved by hybndia- 
sizesof lSKbp. Identificationpf thedon^canb ; 
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tioo with U2n6 « chain cDNA. The .ocation of «b gene «e*m«n. 

^ , probe prepared tan the IMtf- — • «* "» 

^^^(pr^CofF^S^^^)^^ 
5 ott h.^«^■'«»din gto ^»^^^o^1^ b ' te ■' 

determined. 

ii.nn minnm r--™*'* MiirMW*™***' 

p fr ^ f . nf H l.TTVT' * rham 

TheM cUond e «o^.^cDNA., Kra npassing tt . e e«»d^ 

. chain was determined b, screwing the human genomic libra* - 
^above. The .eonences of isofonns I. U and m are shown 

respectively in Figs- 2A, 2B and 2C, along with the deduced amino add 
seouencesforportionsof^nKmbrane^chonngp^nde. The assist 

^-mhraneJiouiid € chain and of immunoglobulins 
gous sequences of mouse membrane-bouna «uun 

of other classes. 

Fc.isoformithem^peptideUidemined^^rlrstf^^ 
20 acids encoded by membrane cor, , as indicated by ^ boid-faced amino 

T* precedes. - ** 25 l^*"^" 



■•^f.r^:?'-'- i ..r- r 



PCT/US91/00491 

WO 91/1M56 ■ . 

Structure I 
: structure II 

PrR technoiowto successively amplify and 
No PCT/US88/04706,istoiisePCR.technoiogsr 

rnhnmt rerion. The DN A is then 
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sequenced. 

... Another alternative approach described in International Application' 
No. PCT/US88/O4706 is to screen the human genomic library. The gene 
segment corresponding to the membrane bound region can be determined 

5 with a probe prepared from the homologous mouse gene of the 
transmembrane segment, and the sequence of this segment is then 
determined. 

In the present invention, the initial nucleotide sequencing was 
performed on the cDNA derived from mRNA isolated from human cells 
10 expressing membrane-bound IgE. A commercially available human IgE 
expressing myeloma, SKO-007 (from the American Type Culture Collection 
("ATCC") Rockville Maryland), was used. 

The DNA segments of cDNA regarded as pertinent to identification 
and characterization of the transmembrane regions of human e chain were 
15 amplified by PCR, as described further below. 

A Cnnstmcti o " ftf ? Transfectoma ExpresSW Chimeric IgE . 
Before proceeding to sequencing of the e chain genome, a cell line 
secreting a hu/mu chimeric IgE and expressing membrane-bound IgE was 
generated to use in detennining the reactivities of monoclonal antibodies 
20 with membrane-bound IgE on B cells. For constructing the chimeric e and 
k genes, the constant regions of human e and k genomic DNA and the 
variable regions of genomic DNAs of the heavy and light chains of a 
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monqdonal antibody, BAT123 (specific for gpl20 f HTLV-mB strain of 
HIV-1), were used The variable region genes of BAT123 bad been isolated 
from the functional heavy and light chain locTand used in the construction 
of murine/human (y1/k) fusion genes for the production of chimeric 
5 BAT123 (hu y1/k). ^ international Patent Application No. 
PCT/US88/01797. By replacing the bumanj constant region with the e 
constant region in the heavy cham e^resswnyecuir, a chimeric BAT123 (hu 
e, k) with an antigen binding region derived from BAT123, was produced 
in a similar approach. ~ - 

10 A A phage clone containing the. human germ Kne c constant region was 
identified with a probe representing a segment of the constant domains 
(CH1-4) of € chain. From this phage, a 6.4 kb DNA segment «mtaining 
domains CHI to CH4 and a 25 kb3'-flanking sequence was subcloned into 
pUC19. By analogy to the reported mouse and rat €-lod information, the 
15 presumed membrane exons v/ere;<suinated to be located within the 1 Kb 
.Sad fragment at the 3'-end of the e gene. The 1 Kb^acI fragment was 
subcloned and sequenced to establish the presence of any membrane 

exon-like sequences. 

The 6.4 kb DNA segtoent conttuning € domains CHI to CH4 and the 
20 membrane exons was linked to the BAT123 V„ gene to give the chimeric 
mouse/human e gene. This chimeric « gene, together with the chimeric k 
gene, were co-transfected tato Sp2/0 c>Ds by electroporation. The 
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transfccted cells were selected by the gpt and jeq gene activities in the 
. presence of mycophenolic acid and G4 18- The procedure Was similar to that 

described in International Patent Application No. PCT/US88/01797. 

Stable transformants were established and analyzed for IgE secretion 
5 by ELISA, and for membrane IgE expression (by fluorescence flow 

cytometry). A clone, SE-44 was chosen for further studies. The cumulative 

IgE concentration in the culture supernatant of the SE-44 cells atlOfymlwas 

established to be 40 jig/ml. 

To test for Ig expression on the cell surface by fluorescence flow 
10 cytometry, cells were incubated with anti-human IgE antibody, and 

developed with fluorescein labeled goat (Fab'^ anti-mouse IgG. Cells 

Sp2/0, SKO-007, and chimeric IgE expressing cells were then fixed in 1% 

paraformaldehyde and analyzed on a Coulter EPICS flow cytometer. 

Fluorescence profiles for Sp2/0, SKO-007, and chimeric IgE expressing cells, 
15 respectively, were also run in the absence of primary staining antibody. Cell 

surface staining by anti-human IgE was estimated to be 60% and 50% for 

SE-44 and SKO-007 cells, respectively. 

To further confirm that SE-44 cells express both membrane exons 1 

and 2, the 1 kbfiacl segment was separated into three portions utilizing the 
20 restriction enzyme AE2l The two 250 bp fragments containing membrane 

exon 1 and its ^-flanking region were used as the probe specific for exon L 

The 400 bp fragment.containing exon 2 and the S'-untransIated region was 
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used as the exon 2 probe. ; These probes wer£ used separately in Northern 
analyses lo hybridize with cytoplasmic RNA&. Both probes yielded similar 
results and Ut up messages of 3,QQ0 and nucleotides in length for 

-.. v • 

SE-44 and SKO-007, respectively. The observation that SE-44 cells 

5 expressed shorter membrane-IgE h4ssai« than»CM)07 cells was expected. 
Since there is no termtoation/poryadei^tion (t/pA) signals within the 1 kb 
Sad fragment, the chimeric e gene used the SV40-derived t/pA signal 
present in the gene construct for expressk>n. The SKO-007 membrane 
IgE messages probably represent the normal intact transcripts using the 

10 endogenous e4c<nis t/pAsigiial which is located 600 bp (estimation based 
on the size difference of the two messages) downstream from the 3'-end of 
the 1 kbSacI fragment Northern analysis therefore suggests that both exons 
1 and 2 are transcribed in these cells. 

An identical Northern blot -was also hybridized with the e (CH1-4 

15 domains) probe. Transcripts bf approximately 2^00 nucleotides in length 
were noted for both SB44 and SKO-007, in addition to weak bands 
characteristic for membrane IgB-specific messages. 

Binding inhibition assays, were used to demonstrate that the chimeric 
BAT123 (human «,*) bound to gpl20 with an affinity constant comparable 

20 to that of BAT123 or chimeric BAT123 <hn, yl, ^ experiments 
examining the binding of BAT123-HRP conjugate to solid phase gpl20 in 
competition with BAT123 itself, chimeric BAT123 (hu yl, k), and chimeric 
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BAT123 (hu el, x) the replacement of mouse C yl in BAH23 with human 

C yl or human « did not affect its antigen-binding affinity significantly. 

B. flf^ f »™* im r i"ttM«. semienrinr of cPNA SCgmente encoding 
\ h ? transmembrane reriop »f human e imirmnOPlOrniliri. 

5 In addition to SE-44, the cell line SKO007, which also expresses 

human e chain on its cell surface and which is a subclone of U266, was 
obtained from the ATCC. U266 was a myeloma cell line established from 
a blood sample of a myeloma patient 

Total RNA was extracted in guanidinium thiocyanate from 5 x 10' 
10 SKO-007 or SE-44 cells. The first strand cDNA was synthesized by AMV 
reverse transcriptase (life Sciences, Ina, Petersburg, FL) according to the 
procedure described by the manufacturer. 

The mRNA was reverse-transcribed using the oligo-dT primer into 
cDNA, which was then used as the template in PCR to amplify the pertinent 
15 segments covering the 3* end of the CH4 exon and the membrane exons. 
Several oligonucleotide primers, with the following sequences, were used in 
the PCR: 

20 (complementary strand was used) 




(complementary strand was used) 

#5: 5'-AGGGACTGCCGAGAGCAGCA-3 
25 #6: 5«<nXX3GCAGTCCCrGCTGCTGT-3' (complementary strand 

^"mSerlined sequence is the introduced iScoRI she for use in other 

- - studies.) 
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The major products derived from PCR were either subjected to direct 
sequencing or cloned into a Bluesmpt n vector. The nucleotide sequences 
were determined for several clones derived fnxtn each individual band. The 
electrophoretic patterns of the PC|l .products and the sequencing data 

5 indicated unexpectedly the existence in both SKO-007 and SE44 cells of 
RNA species other than the one derived from .the splicing of CH4 domain 
to the previously predicted tne,l and exons. When primers #1 and #2 
were used, the dominant PGR product was a segment originating from the 
direct RNA splicing of CH4 domain to m&2, using the predicted donor and 

10 acceptor sites, leaving out the me.1 domain (Ffe 1). When these first-round 
PCR products were used as the template for a second round PCR using 
primers #3 and #4, two major products were observed (Figs. 2A and 2B): 
one originated from the splicing ©f£H4 domain to me.1 using the predicted 
donor and acceptor sites and the other was from the splicing of CH4 to a 

15 previously unidentified acceptor site 156 bp 5* of me l (the segment between 
this acceptor site and me.1 is referred to as me.p). However, when primers 
#3 and #4 were used on cDNA as the template (first round PCR), the 
dominant product was a segment resulting from the splicing of CH4 domain 
to m&p (Fig. 2C). 

20 Additional PCR experiments using other pairs of primers also 

substantiate the observation of splicing from CH4 to me.p. When primers 
#3 and #6 were used, the major-product revealed the splicing of CH4 
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spUdns of the — predict donor site a. » 3' end of -1 - *° 
^rsitcattherendof^-cs^ I.** — *"** 

„» „ mRHA-sof « chato d«r»d <™» — *» *** - *" 

geM ^ M the mctabraoe isofonn I — * ». 

isofonn B conains »— * 

contains CH4-me.2\ 

Experiments were also canied out to identify the specific mRNA species 
in the RNA preparations from SKO007 and SE44 ceUs by mRNA/DNA 
^nridfcation methods, labeled probes with sconces complement 

^mRNAencodedto-,.-^-^^''^^ 
U M d.rap.^ to Noru,ernn yM d,za n o.^«or«an^*.P-nce 

orRNAspeeiescontau^U^repr^^An^^prc^ 

. j ^^o/i in SE44 cells were all smaller 
membrane. Tbe « niRNA speaes detected m SE44 ce 

to the corresponding species to SKO-007 cells. 
20 Because isoforn. m U snbsu-uiau, srna^er ^ isofonn , or H and 

was resolved from isofonn I and/or n to the electrophoretic gel, the 
^^^banfeone^andc^wi^^r^-')"- 
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On the other hand, because the Vne.1 prebe could hybridize with both 

■* - • . . . - ■* ■ • * 
isoforms I and II, which were not resolvable in the gel, the Northern blotting 

analysis did not establish the presence of isofofm I inRNA.' In summary, the 

analyses with me.p and m£2 probes suggest ^nviricingly the presence of 

5 mRNA's of isoforms II and m. ' In addition, the intensity of bands also 
suggest that the amounts' of mRNA's of these isoforms and their relative 
proportions are different iii SKCMXT7 and SE44 cells. Hie results with mcp 
and me.1 probes indicate the SKO-007 cells have more isoforms I/n 
(combined) than SE44 cells. The results with me.2 probe suggest that SKO 

10 007 cells have comparable amounts of isoforms I/n and isoform in, while 
SB44 cells have more isoform HI than isof&tns I/IL 

D. Predict^ amino acid sequences corresponding to me,p and roe.2' 
i£gm£0ls 

Based on the nucleotide sequences of the PCR-amplified segments, the 
15 corresponding amino acid sequences for isoforms II and HI were deduced 
and compared to that of isoform L The reading frame of isoform II is the 
same as isoform L The extra 52 sua. (bold-faced in Fig. 2B) lengthens the 
extracellular segment of the membrane-anchor peptide to a total of 67 a.a. 
from 15 aa. in isoform I (Fig. 2A). The omission of the me.1 (length 122 
20 bp, not a multiple of 3) causes the reading frame of me.2' segment in 
isoform m to be shifted (Fig. the peptide coding sequence is 
lengthened from 81 bp (encoding jJ a.a.) to 134 bp (encoding 45 a.a.). 
The corresponding peptide of isoform HI (Fig. 2C) does not contain 
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... <tt ,e «g<a«« fa eroded by m^I). 

B 1 <lisiiotni«i>l«n«* ),ind - 

„.«?r neotide amino acid sequenoes, or equi 

immunogenic pepuae r^^imavbe 

• .„hM*« based on isoforml may oe 
. ftr reoeat unit Immunogenic peptides baseo 
the polymer repeat um fnrm sho wn above. Immunogenic 

•,„««.ric or dimenc form snown w 
10 in either the monomenc or rt nftme ric or dimeric 

• r m n tnav be in either the monomenc or ouu 
peptides based on isof orm II may be in 

^ -coeptides (designated herein as the peptides of the 

Such immunogenic peptides 

^ * « <TJnPont DeNemours & Co.), wmcu n? 
„ w«*-<P-- _ w ^„^he»v,^C<» 

• *w«»n containing isofonns 1, 11, ormu-j 
portions thereof conuuuxoe , e ^ntainine the 

„ When using a synthetic peptide example, hepatitis B 

«- rffecdve to conjugate « to » J— «""* *" 
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**Jt»+!— ***** . 

loma ^ themselves. Transfectotnas, which are 

" - myel ° ma * ^ « of human — 

transfecting mouse myeloma ce 

is «>taeta>n»''««pl«'> , *" so,,m 

» M «fened tomato. P™'"" 1 fot '"""^ = „ 

rf , mO u S e50 1 .E»f^°»'i U8aBOtlM 
MBftodiesis «.tai=c.ta»««*' M,,Se5< "' g 
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tnerecombmarrtor^ 

adjuvant Two and four weeks later, the ^ amount of antigen is given 
suhortaneously^ 

fourth antigen injection is gWen iiOTaperitpneally in saline. Mice are 
5 sacrificed 4 days after the last injection ancHhe spleens are removed for 
preparing single cell suspensions for fusion with myeloma cells. 

A similar protocol can be usejl for famiani^rion with purified native 
human membrane-bound immunoglobulins (having attached membrane 
. anchoring peptide segments) isolated from the plasma membrane of 
l0 inununoglobuHn-bearing human mydoma cells, such as IM-9 cells. When 
hun^in^oglobulm-bearingcem lxl ° 7 
cells are injected intraperitoneaUy - at two week intervals. 

The fusion procedure with polyethylene .glycol and other various 
procedures concerning cloning and hybridoma •culturing have been well 

!5 established lh^* I »^ll5?* ta --* ,BW 

by Hudson, L. and Hay, RG (PracUcal Inmtunology, 2n4 edition, pp. SOS- 
SIS, 1980, Blackwell Publishing Co, Boston). 

' The saeening of bybridomas for. monoclonal antibodies (or the 

identincauonofpolyd^^ 

20 epitopes can be performed *^ 

(EU^mingmesyntheticpeptideasthesoHdphaseantigen^ 

solid phase antigen is the conjugate of a peptide of the invention with a 
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carrier protein different from that used in the injmunogen. such as bovine 
, serum albumin or ovalbumin. Monoclonal antibodies specific for a 
particular peptide of the invention («rn^nding to one of the isofonns) 
can then be screened for specific binding to B ceU lines and B cells 
5 expre.ing that isofonn by using inununofiuorescence flow cytometric 
analyses. 

General!,, to «pi<°P«P««* V"*"*"*** 

are first obtained will be murine-derived, and thus may be immunogenic or 
^rgenie in human therapy. It is therefore desirable to produce chimeric 
w an^dies^ananirnal^blernlo.^.^^"^ 
or „ us, human expression veaors (Stratagene Corp. U. ft*. California) 
to produce fragments of human antibodies <y» V v F v . Fd. Fab. or F^ 
and then constructwhole humau antibodies using techniques **. «° 
torprodudngchin^cantibodles. fnadoition. one can create antibodies in 
whi ch the enure consent portion and most of the variable region arc 

^ . Ricchmam, !.-*»— ^ ^ ur * ner ' 

one can create single peptide chain antibodies in which the heavy and light 
chainF.regiousareconnecfcd. «. H-*»- * *«■ ™ ^ 
USA855879-5883C1983). Alloftowhouya»dpartiaU,hun^autf>odies 
m .ess immunogenic than nnunraalian equhalems, and to fronts and 
^de chain antibodies are less immunogenic than whole antibodies. All 
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these types of antibodies are therefore less likely to evoke an immune or 
.. .allergic response. It is noted that an immune response could deplete the 
antibodies which are administered before such antibodies could function to 
suppress the immune response. 
5 Monodoiidantibom*^ 

reduce or eliminate the B cells expressing IgE by antibody^ependent 

cellular cytotoxicity (A DCq, compl^^ 

cytolytic or regulatory immune mechanisms. - For example, antibodies of 
certain IgG subclasses, such as mouse IgG* and human IgG, and IgG» can 
10 mediate ADCC carried out by certain Fc receptor-bearing phagocytic 
leukocytes. Adnunistration of such mouse IgGj. antibodies, chimeric 
antibodies bearing human Y-I or v-3 cteu^ or human IgG, or IgG 3 
antibodies can be used to dow^regulate *r lyse B cells expressing IgE. 
These antibodies will not bind 40 me secreted form of IgE.or to IgE bound 
15 to me surface of basophUs or ma«t cells. 

The mAbs of the invention can also'be «se4 as targeting agents for 

cytotoxic cells. 

The mAbs of the teveHo. «« « 0 " li " agenB ° £ 

^torfc drogs or for delivering « eueoor by conjugating 

20 n^to^substa^A^-^co^wfllbtod^di,^, 

kill B cells producing IgE, but fcotB cells producing other isotypes. These 
.odns are q««Hk or ^ inctading cyu*c*c s^c* getonta. 
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abrin,ricin.Ifcu^^ 
.. - tricathecums, radioactive nuclides, and membrane^ic enzym^ (such as 

phospholipase). 

^ antibody and the agent can be conjugated by chemical or by 

5 geneticengineermg^^ 

done or in combination with the free antibodies of the invention. 

The antibodies of the invention (and the toxin conjugates, fragments, 

aad other derivatives) are aonnnistered systemicalry. and preferably 

intravenously. Tbeycanb.adnuniste^ 
10 vehicle, 

antibodies specific » to epitopes *° ****** P"-***" i» 

« deletion of the associated B ceUs. FroducOou of sucb antibodies 
!5 caobelrKiucedeitberbyadmin*^ 
' taction, or . parauterine. ann-idioWnc 

^Obodles agate. to paratope of Ok antibodies of to invito bear the 
iater^geoftomi^epttopes. Tbese a»o-idio W i. antibodies can 
be ased to active!, inunnafce against to «P"°P« ** 

20 endogenous formation of antibodies to epitopes. Such 
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•nefaE. Tti^an^diotypicantibodiesarepreferably 
^Bcellsexpres^tgK^ 

a^eredasc^^ ^ . 

immune response »s nr 

B v v„F v .Fa,F^F(*-) J (««*i»^ , > e<taMnc01 

fragments, V Hf v u r Vv ^ 

Certaintactors,sudiasgra^Moqr 

^^^lating factor (M-CSF), are toovm to 

(G M-CSF) or ^^^.V^thosemediating ADCC In 
^ucemeproliferation^ 

^wrsFhavc^en shown to augment the 
. „„ tc nM-CSF and M-CSi* nave 

soedfic monoclonal antSjedies <* u»... < 

• TP^ressmgBcellscouldperhapsbeenhancedb^ 
antibodies in depleting IgE^ressmgB ce 

v - n o them with factors that augment ADCC activities, 
combining them wunw -lis such as 

15 ^ • T ceHs "(ward the targeted hninunp^ 0 ^ u ^ n " 

macrophages or tytotoxic T ceUs towar 

- n ceUs.* Such hybrid M-speoB' antflxxJ-e* «•» 
^cmdty for a surface ai^^of a cytot 
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. — « it* a simile antibody having 
^ bl^ecific antibodies cf the toenttoo can be a a^e 

CMaletaLUA Patent No. l.CTWoO. 

While monoclonal mtibodMS ot the uweo 

, „ used ta cora-co^ealiHto applications. 

^jgB^Bcelkta^cUcnb^of^,^.". 
m affinity matra (anfloooy muu 

numbers and relative proportions of » lymj. 

. -m,- «foi t -£ soecific antibodies will 
iso ty P es m n^edleukocytepopulatior,.^em^cspeci fi 

. a 5m „mnodobulins via such cells' Fc 
no trea«v**cellswbichbearse^ 

^ .«i««ed T cells. Tne ptoBle 
„ suchcelUtacludenwaophageanawo^T" 

« oftte Bcelbn*yn^«etheau«n^«atusoftne ^ 

• w liindine of antibody. This 
i- The cells are then examined for hinoingui. 
in the sample. Tbeceusm* 
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antibody. . . . 

^ » a— — 

n. M3*eafta£ B cells, and mnsfeaomas «pr«ang 
007 myeloma cells. I^-oeanns - 

10 buman/inuiinettenenclgB- '» 

are shown below in Fig. o. W"- 1 

synthetic mfefr-e peptides and with soluble IgE. 

Table 6. ^^^tattlng Targets. 
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+ ELISA 
Synthetic migii-epepfde + 



Soluble IgE "' immunofluorescence staining 

SKO-007 myeloma cells 

S.Esp^rimejilodlb^^ , 
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a more serious form. Anexpcmu 
« has been established in rhesus monkeys. 

5 has been . ^ which have been infected with the 

A small portion of rhesus monkeys, which 

• mm . develops sensitivity to extract of ascans. When 

- m The asoris lend*' "Mitoys °" 

are made to determine: 

(d) n»*.W«-*r-»" , » l,, * dl '" 

• ~ — — 

. t> and IeE, the mouse can serve as «u 
depleting Ig&beanngBceUs and lg^xn 
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model 

minis peptide has already been 
The extracellular mouse £ chain nugis pepu 

i numn I 1 1117-1123 (1982) The 19 amino 
sequenced. Ishida, R * JSL EMBOLI 1 " ^ * 

add residue peptide is: 

t ^c.Tle-GluGlu-VaKilu-GlyGw 
5 Glu-Leu-AspLeuKJln-Asp-Mu^sIle-Glu^iu 

<31uijeu<jlu<31u ' * 

resides at the q-teiminus. 
^ peptide and its KLH " 10 ^ 

^^^^^^^^ 
peptfoe (w ith U—'—Mi c, i** Wed - — 

. ... , r their related substances), with the 
(Lp.) with the purified antibodies (or their relate 

, aaM or with peptide linked to bovine serum 
15 peptide (with Leu-lys addition), or witn pep 

, ,h. mice may also be challenged by infection voth * 
After the treatments, the mice may «» 

20 ^-*W*--■*-*^ J,M1 * 0,,,, ■ 

He questions to be addressed Indude the folk*** 
(a) Does the total IgE in cireubuion dedlne? 
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decline? 

bMIgEoaO^cBs. ^ ^ ^ 

. 0 f toxins or cytotoxic drugs, »r oeu 
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lgG landIgG3.canbe / . <flf bther cytolytic or regidatoiy 

^---.---••--^j: . B ^ ^ to « 

• ♦;«« r« il by nasal spray) may be used to o 
20 riM-"^ helBe i*«pe»''* lntaI,,a,,S -' I,d 
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„r either antwwig" fc *" 

, 'no B cells are substantially depleted* Tbe 00 
^e.lEB^°™Bcens m _^e although 1 >- E - 

• B^lkmayoiilybetenporaiilylepleteo-. 
^ B ce* W J *« 

^ihs) ty the a*-*"* 0 • nnb0dl, • 
^O.aUo.efiectmayW"'*'"^ 
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aMergiesshomdbe<mh^ . 
.. augm ent /JXX: activities, such as GM-CSF (granulocyte monocyte-oolony 
stimulation factor) or M-CSF (monocyte-cpiony stimulation factor). 
c TTTmnt ™™ snerifir for TrF-Frmliinnp Cells. 
5 Antibodies specific for a ephope can * 

more of the imrrmnotosins noted above, thereby forming an antibody- 

immunotoxmc^^ 

m^otoxins may be used alone or in comWnauon with free anti-*<g* 

antibodies. > .. 

10 D> FTTTfi < ' nT T >orea1 Treatment 

While the ^-.-specific monoclonal antibodies can be used for in^ 

merapy they may also be used m extras 

in the circulation of allergic patients can be removed by an affinity matrix 
: (antibody immobilized on a solid phase) that is conjugated with the 
!5 m0 nodonal antibodies of tM^ 

from the affinity column and enter into the circulation of the patient, the 
monoclonal antibodies of the ihvention are parable to other antibodies 
that can induce histamine release from b^phfls and mast cells. 
7. JSisfDOsticJisfiS 

20 Another *« for *e a*Mi« . «*. i°«*»>™ i» *««^ 
^ retotfv. proper^ <* IgE-beanngB .yr«pho*« in ^ 
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which bear secreted immunoglobulins via such cells' Fc receptors. Such cells 
• * fcdudeinaaophages and activated f cells. The profile of the B cells may 
indicate the immune status of the individuaL The same information can also 
indicate how much antibody is needed to deplete a substantial portion of B 
5 cells bearing a particular isotype, where some of those B cells are tumorous. 
For this purpose, antibodies can be used in standard assays which are used 
to determine cell surface antigens. In general, the antibodies are contacted 
with a sample of the leukocytes to be tested under conditions which allow 
theanu^odiestobindfeotvpe-bearmgcellsm The cells are then 

10 examined for binding of antibody. This can be accomplished by 
conventional cell staining procedures, for example, a fluorescently labeled 
second antibody can be used to detect binding of antibody. 
The invention is illustrated further by the following examples. 

Example L CONFIRMING MONOCLONAL ANTIBODY REACTIVITY 
!5 WITH MIGIS-e EPITOPES 

Two different mAbs to the migis-e epitopes were prepared. The 
preparation procedures are described below. 
A. f^rppring Mo TiTT rl Tm? 1 Antibody B46-13-3 
Monodonalantibodiesagato^ 
20 but not secreted IgE (isofonn D were prepared by a standard procedure for 
preparing bybridomas, as described in the Detailed. Description of the 
Invention. The inimunogen for hmohbuW*/* mice was the above- 
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• C for 30 minutes at 3TC prior to injection. 

lm M mitomycin C tor dum»" 

10 experiments,onebybridomacloneE46-13.3 W as 
the m«is-e peptide (Table 7). 

fftBLE7. n-Afi.13-3 to Human mfc&-« 

S^c Bin*., •CM*-*" ■«» » 

A 450 

m&-e peptide- ovalbumin ^07 
HIV-1 peptide*- ovalbuimn 0.011 

mips-* peptide - Y1& Z773 . 

. « 0.002 
HIV-1 peptide - K^ 1 

0.005 

20 KLH ^resenting a segment of gpl20 

•T.eHlV-lpeptide.asa^er ^JK^^ **™ 
of HTLV-HIB strain of HTV-1. r * 



Specmc du»»»6 - 
Peptide In EUSA. 



15 



PCT/US91/00491 

W0 91/U 456 

red to various control cell lines, induding 

. cells compared to various 

reactivities with SEr44ce - jncluded in the 

S P 2/0, the parent ceUUnefo _ gG CD23 on the cell 

v Tvto cell line, which expresses Ig^^ 
control was the lM-9ceUun surface. The 

n.vTKiceU line, which expresses!^ 
surface, and the DARK* 06 Mc with FTIOgoat-anU- 

5 

• .„ ppiCS system. The iesu» v 
jad using an liriv*» »j 

KsUJSDSnt^siliy^^ Anti-IgE 
Control Monoclonal antiboc 

to Cells ***** Monoclonal antibody M° 

58.1 

58.1 (anti-lgE) 3<6 



39.5 
2.6 

1M-9 j U " 60.6 

i5 IM-9 coated 843(anttfgG) 0 

withlgE 0 82.0(ant»4gA) uli ^ ;D AKlKI>5 

DAKIKI U T oG -expressuigWhohlastoiace were obtained 

D ^m-9 is a ^j£Sphoblastoid ceU hne. Both 
ahumanl&A-exprcssmgiSW 

on from ATCC- 

t iifivehumaniroinunoglobnunneavy 
Themi^peptidesofaUfivehum we re 

^ with an additional Otennmal lys 
(including m<g»-0 ™* ^ ^ole bmpet 



S p2/0 ** sS.Kam-ft 0 ' 
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te conditions more ton 90*of the J*&* « cross-lh*ed. 
BAU./c.m« were then irumr^^ 

Witt, 100 ng m&ftoX *• *«"»*» •*»™' 4 *" 
jA^eritonealfrtwte^ 

Sp lMa ceBs were teed with :Sp Z/0 cells using polyethylene glycol 
(Onbowax, Ftsher). . Snpernatams of growing hybrids were K«e»ed in 
e^iinked iirmunosorben. assay (ELBA) for reac**, to 

10 UEbyindiredimngnofmorescen^ 

Tie HEM7 bybridoma secreted an antibody showing spedfidty in these 
^. and was subdoned b» limiting dMon, Anybodies from culm.. 
^pen^werepurffledbypro^A^^^ 

lto ^dw^HBW•«-^fc•^^ ,l,l-,,, ••*• ,, * t • 

B ^^i.-wiT*.:--*w*-«'* , *' ,,i,l - i ^ rd,,ta 

^ftft**.w^.■- , «»"*■*•• , * , * -,,4 * ,,,-,, * 

of HEM7 with these peptides was examined. :3nese peptides are at 

adds. ,*,«* F ^^■^^*? ,,, ^ ,, *■* 

20 mfci-M and m&l are the most homologous to mtfM. 

In the ELBA mlootfur plat* (ImmotontOynafcch) — mtti ' tl 
ng/ml PBS with i*M pepu*. and <he «** !"**!■ 
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(agnl)m ao.oo3^HP^ ^ 

— "TJ^ — — * 

^^H**^-**" .^«^-*■ 
^«o-**'■-^ 111 ^■..---- 
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(EPICS-V, Coulter Diagnostics); Peripheral blood lymphocytes and 
monocytes were gated by their $^t'scaitering'properues. Presence of 
^ markers was confirmed using mAb reagent specific for 
5 IgE(HP«r2«). IgGCHP 6046), I#(BP608D, IgWAU). and IgA(2D7) (.11 
from Zymed), andfor other leukocyte surface markers (CD4, CD14, CP45 
anad CD23) (from Becton-Diddhsoo). 

Munition of binding of *EM7 to SKO407 «Us * n& peptides was 
assayed. Ttase assays were performed by predating the mAb 
a „ HEM7 or TES-19 (30 ,g/ml) W«- * tt ° n «" »*" e * 

were added to the mixture. 

HEM7 was able to bhul to sko-007 cells (obtained from the ATCQ as 
shown to the flow cytometric profiles in Figs.' 5A-5C. In this 
^ofiuoreseencestainingltisto^^ 
15 it can be seen that me fluorescence of ceu population 

shifted to higher levels,'"uldicating that all ceUs are reactive with HEM7. 
^i^unotor^ncestaintogiscomparahle to that observed withTES- 

19. a mAb specific for human igf, used as a positive control 

. ru=MT.« <:KO-007 cells could be achieved at 10 -30 
Maximal binding of HEM7 to SHOW" 

couid be nearly complex mhibijW P**- * 1 " gM * 

concentration approximate* ea3m*r ti, me antibody present (Fig. 6B). 
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10 



to btodtog of TES-19 m*b to SKOOOT «Bs. 

AII1Mg to«i«» ta -«»'^•^ ^ • HEM7OTS • Me,0 

to any other ecus tested, including a T cell Kw» 8 inoooeyte-like cell line, 
and peripheral Wood mononuclear cells (Table 9). 

TABLE 9. 

Keactjvjr^nA^^ 



15 



20 



25 



30 



SKO007 (myeloma cell One) 
U266B1 (myeloma cell line) - 

RPMI 1788 (B lymphoblast Jkie) lgt V^ 
DAKIKI (B ^hobto ptufcyR 
CCRF-CEM (T*«i*oMart CD4,t-cyK 

fin«) \ CD23 

XJ-937 (Uonoeyte-Eke cell line) 

Peripheral blood 
•Tie reactivity was 

^^fluorescence sudning ^ determined as to 

Steed above. The I-'f »" * ^cTlevels above a set threshoU 
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within the variability of the assay. 

The specific binding of HBMtyo nOtf™^**^*™"*? 
inununoblottinganarysb 

disrupted SKO007 cells. Hie Western lmm#tam™<*l*"*" 
5 follows. 

Tnute to purified !X*do»a «» «E «U «. Venw.) -» 
a plasma membrane fraction from SKO-007 cells (25 ug) were fractionated 

tocnnaredwitn rftat perorfoase^ugaKd polydoral goat ar^tamar. e 
W chain .« U MM or -it* HBM7 a. 25 r|M. * P""" 1 ^ 

ante** *>* rm ?* > ' '* nbnm °° bmXT 

Perry). M. W. markers wete fnl>m BioRad. 

Ooa , antMmman IgE {. ** ■T* 4 .*" ""^ ta 

(Rg.7)! T*e S «resul B ^.^'tl.ep^»«^P^ ara ' io,,,raS 

band aatoed by goa, ann-hamao « and *t .HBO on* •» the 

membrane-bound mrm or c cb* • *~ «* < 87kD *> 

20 because it contacts tie «fra r^rar^^ar^ segn^ Asata. the 
imnnmoWotttog reaction '.. HEM7 with the spedSe protein In the 
membrane could be MM* I V *». W* 
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«*,« fntcuons from . control «U Une <IM-«) secretins IgG. 

HEM7v^ also diecl^ to detenoiiicttttwo^ cause histainine release 

5 tramp .Hpaeral ta ^b^»^^^*^^^ tKm ' 0,,r 
IndMduaU. Bad. « -a. run trsrn, various conee.Wd.ns of TES-17 
^ (affl Ab spedfic forhumanlgE^chinduees histamine rdensefrom 
,eulcocy«s> and HEM7. Polyclonal to human IgE **«* 

^ aaamine s«ved. In add-on . 1*R « - -«*- 

„ p^luveconuoL OM1 -.«»Ua— ^»«« ,telSBB,n 
enhancer. 

i«*-«»w * «*■»*»■*» *"- 

aepe^^taespec^of^^^r^pr^ut 

„ , n rnWFlRMING THAT ISOFORM H EXISTS, N VIVO, AND 
15 EiaD ' Ple T^T rr^SMEMBRANE-BOUND 

T11 epred i c t edu^rm n c.ntuns52,ad M o^^.a*ue W ee.Ce4 

and the IS amino add segment bound by HEM7. Monodonal and 
p„„ d „nal todies were prepared to 36 amino add syntotic peptide 

responding to residues 6 to 40 of the * «ni» - " ** * 
20 ^SA^oninununob.ot.^'^-d^^.-cenr^ 

tat .„, with IgE from ceU cuiture supernal suggesting tot isoform H 
^.nceusandrsnotsecreted. 

add band recognized, by HEM! co-migrates with that recognized by the 
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^ E£i££aetJ "^^ ^ mRNA was 

Experiments were conducted to ens 

^ v m „n nerrpheralblood lymphocytes, 
produced by human penpnenu^ _^ encoded by 

;, nce of ptes^tation. the predicted «ff 

the mRNA wuu ^ of secreted IgE 

and the conventional e chain o 

containing one or WO€,omu 

« chains are IgBi- 

contaunng only « cn*u» «i 0 fc concentration was 

, w„hnut 10-20 times average), were ia 
about l|tg/ml (about lu-^ ; -tin A template was 

a jVfterthefes t8trand< * )N 

„. ^4 domain and** other in the nu,2 
located m CH4 domain w^andtheDNAinthe 

o«*lvzed by geLele«trophoresis ana ui 

20 TbemaiorPCRproduc.^ ^ 
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cotresponau* sesa neiits derived 

sequencing of DNA fragments doned fro™ bands 

5 conclusion- 

A 33 ax peptide corresponding to an mfe2' segment 

el-**—*— — 

^pepade.de.gnated^e^pep^-.on^U.KLH 

J. * - ' — *~* T 

„ „ ^esernAbs^oonndWc^detennined^—obloU. 

•"** ,h — * ^ M ^ M aUo«ed,o— rabbits. 
« n.eErrpepnde.coniugatedtoKLH.wasau 

!5 -raewPF ^KfT^erearBnity purified by. small 

^resuiungantibodiesspe^cforECT-" " 

used in EUSA and tamunoblottmg assays io 
reagents were then usea in w-» sj^w- 
6 . «_ —ri ptt as the solid-pnase 

. , -r p m the EUSA with anti-E2T as tn 
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absent in the media of SP2/0 ceUs and of CAG1-5M cells. 
.. S mce *e vari^le re^ 

antigen specificity of the chimeric IgE («, secreted by SE44 cells and of 
the chimeric «G-(* *) secreted by CAG1-5M cells are identical, the 

5 WndingefU*^^ 

to the solid phase w* ndt due tq .the variable regions. The e chain in the 
culture supernatant of SE44 celjs did not bind to rabbit antibodies specific 

for an irrelevant antigen. 

U <**— as U. chain") w# examined b, testing to binding «> . 
recombinant «. chain. The t^man. W«* *- 
o0 „,ain » the membrane anchor**,^** I-*— 
pudfied b, MPUSA *»*•* -*» ««« 

15 15 segment of the men^ine anchor pepSde, rcacted with 

recombinant «. while anti-EZr.did no, These results indicate that the 
cytoplasmic segment of € -(; whicb k encoded by the same exon as E2T but 
^ . M^MI^ ?— "" i - E2T - "* *" *" 

M Bal^-«-^«^««~■* , '' , !!?!*» ,,,, ■■ ,-l,, * , ■ 

P ^rfM-in Wi ,rt n.mn ftinlrn nnrt ftffliiilY Aasorvtitm 

He IgE secreted by SE44. 'cells into the culture medium was affinity 
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purified by a mAb, TES-61, which is presumed to be specific f r CH 
dorabn «f ' Tte ^dklBsd IjieBtm set UMtraplMraed-^ -orvitlwat 
treatment of reducing agents, transblotted onto nitrocellulose filters, and 
reacted with various antibodies to be studied. In the blots transferred from 
5 a nonreducing gel, both horseradish peroxidase^onjugated goat anti-human 
IgEand ^JEZTttM^McltbcMTM^bOkB^-m €,chain 
was present in IgE molecules and not as single chains. In addition, both in 
the reducing and nonreducing conditions, anti-E2T reacted with substances 
with M.W. at the higher end of those bands stained by goat anti-human IgE. 
10 Equivalents 

Those skilled in the art will recognize, or be able to ascertain using no 
more than routine experimentation, many eqtiivalents to the specific 
embodiments of the invention described herein. Such equivalents are 
intended to be encompassed by the following claims. 

15 
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An antibody preparation whichbinds specifically to immunoglobulin 
bound to the membrane of B cells but not to the secreted form of the 
immunoglobulin. 

An antibody preparation rf Oaim 1. wherein the tamunoglobulin is 
human IgE. 

An antibody preparation of Oaim 1, which is monoclonal 

An antibody preparation which speeffically binds to an epitope formed 

at least in part by the membrane anchoring peptide of an 

immun oglobulin. 

An antibody preparation of Oaim 4, wherein the immunoglobuUn is 
human IgE. 

An antibody preparation of Oaim 4, wherein the epitope is located on 
the extracellular segment of the membrane-bound domain of an 

immunoglobulin chain. 

Monoclonal antibody wttch binds to human IgE on the surface of B 
cells but does not bind to human IgE on the surface of basophils and 
does not bind to secreted, soluble IgE. . 

Tie monoclonal antibody ^ claim 7 which is a human antibody or an 
antibody fragment '>' ■ 

A chimeric antibody which binds specifically to human IgE on the 
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surface of B-cells, but does not bind to IgE on the surface of basophils 
and does not bind to secreted, soluble ^ IgE, the antibody having a 
murine antigen binding region and a human heavy chain constant 
region. 

5 10. A continuous, stable cell line which produces a monoclonal antibody 
which binds to human IgE on the surface of B-cells but does not bind 
to human lgE on the surface of basophils and does not bind to 

secreted, soluble IgE. 
It AceUhneofOaimlO,whichisahybridoina. 
10 12. Isolated DNA comprising functionally rearranged genes encoding the 
variable region of a light or heavy chain of an antibody which binds to 
IgE-bearing B cells but not to basophils or to secreted, soluble IgE. 
13. A DNA construct comprising the DNA of Claim 12 linked to DNA 
encoding a human light or heavy chain constant region. 
!5 14. AmyelomaceUtransfec^ 
secretes a chimeric antibody. 
15. Monoclonal anti-idiotypic antibody specific for the parotope of an 
antibody which binds to IgE-bearing B cells but does not bind to 
basophils or to the secreted, soluble form of IgE. 
20 16. An parotope-spedfic, anti-idiotypic ^ 

chimeric antibody having an antigen binding region of inurine origin 
and a constant region of human origin. 
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17 . AnandgeubindiBg^gmentofth idiotypic antibody of Claim 16. 

18 . A.inununototia c.inpri^a 

' binds to IgE-producingB cells but does not bind to basophils or to 
secreted, soluble IgE 

to group consisting of ««"**. »** 

SssaiSsmm toxin, «ttek toxin, l-*""* «* 
cecums, radioactive W clides. arj rneinbrane ** -»— • 

binds to IgE-produdng B lymphocytes but does not bind to mast cells 
« basophils or to secreted, soluble JgE and a second specific binding 
agent «hicb binds to a receptor of a cytotoxic eel 
„ Abi^cn M leculeoiaaim20.^*is.H^=«»ibo*- 

22. A peptide having an amino acid sequence corresponding to the 

surface of B cells. 

23. Apepudeofaaim^bav^ 

Md modmcations of th, peptide .bicb do not substantially alter the 
20 immunological properties Jhereof. 

24. A monoclonal antibody or an antibody fragment reactive with the 

peptide of claim 23. 
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25. An e immunoglobulin membrane anchoring peptide resulting from a 
mRNA splicing other than the splicing of the Ce4 exon, the cml exon; 
and the cm2 exon. 

26. A nucleotide fragment coding for the peptide of claim 25. " 

5 27. A peptide segment having the sequence: 

GIAGG^QSQ^lAPDR-VIjCHS<XJCKX}iJ^AA-GGSVP- 

HPRCHCGAGRADWPG/PP and modifications of the peptide 
which do not substantially alter the immunological properties thereof. 

28. A peptide segment having the sequence: 

10 GAAVP LSHAA-GEAPD LPRLH -QRPPA-PRLGR • 

GHSRS-TRPSF-FSASA and modifications of the peptide which do 
not substantially alter the immunological properties thereof. 

29. A nucleotide fragment coding for the peptide segments of claim 27 or 
28. 

15 30. A DNA fragment including the sequence: 

GGCIX3GCTGG<XJGCTCCGCGCAGTCOCAGA- 
GGGCCCCGGATAGGGTGCTCTGCCACTCCG-GACAGCA 
GCA<JGGACTGCCGAGAGCAGCAG<3AGGCTCTGTCCC 
CCACOCX:<X5CTGCCACTOTGGAGCCGG<JAGGGCrGAC- 

20 TGGCCAGGTC-GCGCAG and corresponding sequences which code 

for the same peptide. 
31. A DNA fragment including the sequence: 
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cmK*GCGGFK^ 

GG GAGGCCCCA<iACCTCCCr<:GACTAC^C^AACGTC^ 
CCAGCCCCACGC<jrA<^CCGCG<5GCACrCACG-CTCCA 

CCAGG -CCC AGCTTTT'TCTCTGCCAG -CGCCTG A and 
5 corresponding sequences wMch code for the same peptide. 

32. Monodonal antibodies to tbe peptides of claim 27 or 28. 

33 .^m^^M*^*™*^*""^ 

murine/human or an antibody fragment 
35. An anti-idiotypic antibody to the antibodies of claim 32. 
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Fig.2A 

CH4 domain - \me.l exon 
IsofonnI ••<jTA*AATCGG<5 AGCTG-GAC- 

V N P E L D 

GTGTGCOTG<jAG<3AG<3CC<jAG<jGC<5AG<3CX}CCG-TGG. 
V C V E E A E G E A P W 

ACGOX5GACX:<3GC<TeTGCATCTrC<KX:<5<^<nx:TrC- 
T W T o T. r. T F A A^ — L F 

CTG<TCAGC<jTGAGCTACAGC<3(^<36C«CTCACG-CTC- 
t. t. s V s Y S A A — L — I — L 

\me.2 exon 

CTC*ATG<jTG CAG -CGG •TTCCrC-TCA'GCC acgcgg-cag- 
LMVQRFLSAT RQ 

GGGAGGCCC<^GArcTCCCrC-GACTAGACCAAC<jTC- 
G R P Q T S L D Y T N V 

CTC«CAGCCCCAC<jCC-TAG- 
L Q P H A * 
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Fl9 " 2B CH4 domain |mej> seginent 

IsofonnH ..^AA^CCrOGG^G^ . 

aLg^G^G^ 

icTCT-GGAGCCOGGAGG^AC-l^CCA^GT^C- 

H C G A G K * 
CCA-G-me./ segment-twe.2 exon 
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CH4 domain \me.2' exon 
Isoform HI -GTA-AAT-CCr-G GT-GCAGOG- 

V N P G A A 

gttcct<hx:agc<^c<5GG<k^<k^<jAG<k:cc<^ 
vplsh aa g £ a pd 

CTCCCT<:GA<TA<^C<^CGT<Xn , <X^<3CCGCA«OGC- 
LPRLHQR PP APR 

CTA<5CC<3CG<5GC«CACTCA-CGC-TCC-ACC'AGG<:CC-AGC- 
LA AGHS R S T R PS 



TTT*TTC-TCT"GCC*AGCGCC-TGA- 
F F S AS A * 



WO 91/11456 



5/9 



PCT/US9 1/00491 



PQ 
W 
O 



g 



w 

o 
u « 

a* 



o 
o 



I 



i 



< 



pa 

CO 




SUBSSlgTCSilL 




FIG. 5C 




FLUORESCENCE INTENSITY 



WO 91/11456 



6/9 



PCT/US91/0049I 



Fig. 6A 
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Attachment to form PCT/ISA/210; Box VI: 

I. Claims 1-11, 15-19 and 24 drawn to monoclonal 
antibodies* hybridomas. chimeric aptibodies, anti-idiotypic 
antibodies, chimeric anti-idiotypic antibodies and immunotoxins". 
Classes 530,435 and 424 subclasses (387 and 389), 240-27 and 
85.91. 

II. Claims 12-14 drawn to isolated DNA constructs and a 
transfected myeloma. Classes 536 and 435, subclasses 27 and 
240.2, respectively. 

TIT. Claims 20 and 21 drawn to a biospecific molecule and 
bispecific antibody* Class 530, subclass 387. 

IV. Claims 25-27, 29/27, 30, 32/37 and 35 drawn to 
peptides, nucleotide and DNA fragments, and monoclonal, chimeric 
and anti-idiotypic antibodies. Classes 536 and 530, subclasses 

27 and (300 and 387) respectively. 

V. Claims 22,23 drawn to peptides* Class 530; subclass 300. 

VI. Claims 28, 29/28/ 31, 32/28, 33/28 and 35 drawn to a 

peptide, nucleotide and DNA fragments monoclonal, chimeric and 
anti-idiotypic antibodies. Classes 530 and 536, subclasses (387 
and 300) and 27, respectively. Group I is directed to a first 
set of separate and distinct products. Group II js directed to a 
second set of separate and distinct products. Group III is 
directed to a third separate and distinpt product. Group IV is 
directed to a fourth separate and distinct product. Group V is 
drawn to a fifth set of, separate and distinct products. Group VI 
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is drawn to a aixth set of separate and distinct products, PCT 
Rules 13-1 and 13.2 do not provide for multiple distinct products 
within a single general uruentiue concept, • ^ 



